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EFFECT OF SIZE, BREED AND SEX UPON 
FEED EFFICIENCY IN BEEF CATTLE 1 
EARLE W. KLOSTERMAN and C. F. PARKER2 
Beef cattle selection and performance testing procedures in recent 
years have placed much emphasis upon rate of gain. In a search for 
fast gaining animals, numerous new breeds of larger type have been 
introduced and selection for gain has increased mature size in a number 
of herds of existing breeds. Since a large part of the total feed needed 
for beef production is required to maintain breeding herds and since 
maintenance requirements are related to size, questions have been raised 
as to optimum size of breeding animals. Other important items of dis-
cussion have been the relationships which exist among size, rate of gain, 
efficiency of gain, and carcass composition. 
The energy requirements of beef cattle and other species have been 
studied for many years. Numerous articles and books have been writ-
ten and requirements for all phases of production have been established. 
No attempt will be made here to review the volume of literature avail-
able on the subject. Although much has been accomplished, there are 
still questions which need to be answered. 
Energy requirements of beef cattle have been established by the 
National Research Council in general terms to meet the needs of the 
average herd ( 18). Are these requirements applicable to specific sizes 
and breeds of cattle or to crossbred individuals? Are there interactions 
among types of cattle and available feed supplies? The experiments 
reported here were designed to investigate these questions. 
These experiments were designed to compare the relative feed needs 
of cattle of different size, breed, and sex and not to determine their exact 
energy requirements. Detailed feed samples, analyses, digestibilities, 
measurements of energy storage, and losses through direct or indirect 
calorimetry or comparative slaughter experiments are needed to accu-
rately measure requirements. In some of these experiments, certain 
analyses and techniques were used to measure energy value. In others, 
however, only average, published feed analyses were used. Thus, the 
results presented here are not intended to verify or establish feed re-
quirements. However, the same feeds and measurements were used 
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for all cattle in any one experiment so that comparisons of different types 
of cattle.within that experiment are valid. Also, if the estimates of feed 
values used were relatively accurate, the applicable· results should ap-
proximate requirements. 
I. Effect of Breed, Size, and Condition on 
Beef Cow Maintenance 
In a beef breeding herd where less than one calf is marketed per 
cow per year, the percentage of feed fed which is returned as product 
in the calf is extremely small compared to that required to maintain the 
calf and the cow for 12 months. It has been estimated that more than 
three-fourths of all the feed fed to beef cattle is requfred for mainte-
nance. 
Large individual animals or breeds tend to produce calves which 
are larger and gain more rapidly at a given age than smaller ones. 
Within a breed or size of cattle, there is a .high positive relationship be-
tween rate of gain and economy of gain and also between rate of gain 
and mature size. With continued emphasis on selection for rate of gain, 
mature size of the breeding herd can be expected to increase. Will the 
calves produced by these cattle have a sufficient increase of feed utiliza-
tion to more than off set the increas·ed feed cost of a larger breeding 
animal? 
PROCEDURE 
Two experiments were conducted with mature, non-pregnant, 
non-lactating Hereford and Charolais cross cows to determine their 
maintenance requirements. The Charolais cross cows were three-
fourths or more Charolais breeding, with the remaining percentages of 
various beef breeds. The cows were housed in a shed with a small, out-
side lot and were bedded with sawdust. They were. fed individually in 
Ground corn cobs 
Dehydrated alfalfa 
Ground shelled corn 
Soybean meal 
Crude protein 
TABLE 1 .-Composition of Rations Fed. 
· Experimen~ I 
Low High 
Protein Protein 
1!%) (%) 
65 65 
10 10 
25 10 
15 
6.9 12.0 
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Experiment II 
(%) 
65 
10 
15 
10 
9.1 
stalls once daily and were managed in groups except during feeding. 
They were fed one of the rations listed in Table 1 and in addition were 
allowed free access to trace mineralized salt, bonemeal, and water. The 
rations were mixed and pelleted. 
The cows were weighed weekly and were held away from water 
overnight prior to each weighing. The initial weight of each cow was 
used to determine the amount of feed she was to receive and this amount 
remained constant for the entire test period. The amount of feed fed 
was determined from its calculated content of total digestible nutrients 
(TDN) and the equation of Garrett, et al. (6), i.e. TDNm = 0.036 w0·rn 
in pounds. Height of each cow at the hooks was measured in inches and 
a weight to height ratio was calculated. Statistical analyses were by the 
method of least squares ( 8) . 
Experiment I 
Two trials were conducted. Trial 1 was continued for 16 weeks 
from August 3 to Nov. 23, 1965, and Trial 2 for 15 weeks from Dec. 7, 
1965, to March 22, 1966. Cows used in the first trial included 12 Here-
ford and 2 Charolais. They were cows which had not calved that spring 
and some carried an extreme amount of finish. The second trial included 
11 Charolais and 13 Hereford cows which had all weaned calves that fall 
and most were thin. The cows were assigned at random within· breed 
and weight group to one of the two rations given in Table 1. Condition 
of the cows was estimated from an ultrasonic measurement of fat thick-
ness. 
Experiment II 
This experiment was designed to compare two methods of estimating 
the maintenance requirements of mature cows and to study the repeat-
ability of these methods. In one method, each cow was fed a constant 
amount of feed, based on her initial weight, for a 13-week period. This 
was the same method used in Experiment I. In the other method, each 
cow was fed at 1.25 times maintenance for 6 weeks. Following an ad-
justment period of 1 week at 0.75 times maintenance, she was fed at this 
level for 6 weeks. The average of the gains made on these two levels of 
feeding was used to test the adequacy of the maintenance ration. Twelve 
Hereford and 12 Charolais cows were used. These were selected to 
represent a range in condition from thin to fat. 
The repeatabilities of the methods were studied by conducting two 
13-week trials. Half of the cows remained on the same method for both 
trials and the other half were switched to the alternate method for the 
second trial. Trial 1 was conducted from June 14 to Sept. 13 and Trial 
2 from Sept. 20 to Dec. 20, 1966. Condition of the cows was estimated 
from a visual score. 
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TABLE 2.-Average Cow Weight, Height, and Feed Consumpti,on. 
Average Height 
Average Daily at 
Weight Ration Hooks Wt./Ht. 
Number lb. lb. in. Ratio 
Experiment I 
Trial 1 
Hereford 12 1104 12.5 47.2 23.4 
Charolais 2 1382 14.7 55.9 24.7 
Trial 2 
Hereford 13 983 11.7 47.6 20.7 
Charolais 11 1063 12.1 52.0 20.4 
Experiment 11 
Hereford 12 1023 11.9 4l.6 21.5 
Charolais 12 1148 13.0 53.1 21.6 
RESULTS 
Weight and height measurements and daily feed consumption of 
the cows are presented in Table 2 and least square means of average daily 
weight changes are in Table 3. 
Average daily gains of the individual cows were calculated from 
initial and final weights and these gains were also estimated from regres-
sion lines fitted to all weekly weights of each cow. Least squares anal-
yses were conducted on gains obtained by both methods. Standard 
TABLE 3.-Least Squares Means, Weig.ht Change per Day, Lb. 
Experiment Experiment II 
Least squares mean -0.066 -0.018 
Trial 1 0.004 0.141 
Trial 2 -0.137 -0.176 
Ration 
Low protein -0.137 
High protein 0.004 
Method 
1.00 x Maintenance 0.015 
0.75 x Maintenance -0.860 
1 .25 x Maintenance 0.758 
0.75 + 1.25/2 -0.051 
Breed 
Hereford -0.007 -0.086 
Charolais -0.126 0.051 
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errors were 8% and 26% higher in Experiments I and II, respectively, 
when daily gains were calculated from actual initial and final weights 
than when these weights were estimated from the individual regression 
lines. Because of this increased accuracy, the latter method was used. 
Results obtained indicate that the energy requirements for main-
tenance as presently recommended are accurate when used to estimate 
the amount of feed needed to maintain body weight of mature, non-preg-
nant, non-lactating beef cows. On the average, cows fed according to 
these recommendations essentially maintained constant weight for per-
iods up to 16 weeks (Table 3). In some trials, cows made small gains 
and in others small losses. Also, the average of the weight changes ob-
tained when the 0. 75 and 1.25 times maintenance rations were fed ap-
proached zero. 
Feeding a higher level of protein apparently did not increase the 
efficiency of energy utilization. Cows fed. a 12.0% protein ration and 
equal amounts of energy did not gain significantly more than those fed 
a 6. 9 % protein ration. 
When fed in proper proportions to their weight, there was no clif-
f erence between Hereford and Charolais cows in their maintenance needs. 
In the first experiment, variation among individual cows appeared to be 
quite high. However, in the second experiment when the requirements 
of the same cows were measured twice, there was more difference between 
the two measurements on the same cow than there was among cows. 
Thus, it appears there are only small differences among individual cows 
or breeds of cows in their maintenance energy requirements. 
The most consistent and significant observation made in these ex-
periments was a relationship between condition and weight gain. There 
was a highly significant correlation between fat thickness or score and 
average daily gain. Cows which had a high degree of finish tended to 
gain weight, while those in thin condition lost weight. Since the amount 
of feed fed to each cow was determined from her initial weight, the fatter, 
heavier cows received more feed per head daily. 
DISCUSSION 
In these experiments, the cows were fed 0.036 lb. of total digestible 
nutrients per unit of metabolic weight ( w 0•15 ). Since this relationship 
of size and feed requirements is not directly related to body weight, it 
means, for example, that a 1,500 lb. cow does not require twice as much 
feed for maintenance as a 750 lb. cow. Figuring on the basis of meta-
bolic weight, if the 7 50 lb. cow requires 10 lb. of a certain feed to main-
tain her weight, the 1,500 lb. cow will require 16.7 lb. of the same feed 
( 1.67 times as much as the 7 50 lb. animal) to maintain her weight. 
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FIG. 1.-Relationship of daily weight change to condition among mature cows fed at maintenance. 
A beef cow may vary widely in weight depending upon her condi-
tion, a variation which these experiments suggest may be somewhat 
greater than the actual variation in maintenance needs of that individual. 
If, for example, a 1,000 lb. cow is fattened to 1,200 lb. and then fed as 
a 1,200 lb. cow, she is likely to continue to gain weight. If, however, 
she is starved to 800 lb. and then fed as an 800 lb. animal, she is likely 
to continue to lose weight. 
In the past when the majority of beef cattle in this country were of 
the British breeds and were of similar size, weight alone was a reasonable 
indicator of condition. However, between large and small types of cattle 
and within certain crossbred herds, weight alone is not an accurate indi-
cation of condition. Some measure of condition in addition to body 
weight is needed to accurately determine the amount of feed needed to 
maintain a mature beef cow. 
A ratio of weight to height was found to be closely correlated with 
degree of fatness. Cows with a high weight/height ratio gained more 
than thinner cows with a low weight/height ratio (Fig. 1). Even 
though Charolais cows were considerably larger and hence higher at the 
hooks, there was very little difference between them and the Herefords 
in the weight/height ratio. This' relationship of weight to height, there-
fore, appears useful in describing the condition of cows which may vary 
widely in type and size. 
Statistical analyses of these data, as reported previously ( 13), were 
used to develop a formula whereby energy requirements for maintenance 
can be corrected for differences in weight/height ratio. In practical 
terms, a thin cow of a given weight will need about 2 lb. more hay daily 
than an average cow and an average cow 2 lb. more than a fat cow of 
the same weight just to maintain their respective weights. Since thin 
cows may need to gain weight during the dry period and fat cows may 
safely lose weight, the importance of having the cow herd in good condi-
tion at the start of the winter feeding season is readily apparent. 
In many cattle producing areas it is common for cows to gain weight 
during the grazing season and lose weight during the wintering period. 
More information is needed on the net energy efficiency of this practice 
of alternately gaining and losing fat stores. However, in these experi-
ments, the average amount of feed required at 1.25 and 0.75 times main-
tenance for equal periods was very similar to the amount required for 
continuous feeding at the maintenance level. These results suggest that 
the process of gaining and losing weight is relatively efficient. In any 
case, even if not highly efficient, it should be more economical for cows 
to harvest their own feed and store it as fat than to mechanically harvest 
roughage, store it by some means, and feed it to the cow at a later date. 
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In these experiments the cows were fed in an open shed with access 
to an outside lot. Although different trials were conducted during dif-
ferent seasons of the year, there were no significant differences between 
trials in the amount of feed required for maintenance. This suggests 
that, under these conditions, the change of seasons in Ohio was not severe 
enough to change the amount of feed needed for maintenance of cows. 
II. ·Total Feed Efficiency of Beef Production 
Among Cattle of Different Sizes and Breeds 
As indicated in Section I, there were no significant differences be-
tween Hereford and Charolais cows in maintenance requirement when 
this requirement is expressed per unit of metabolic size (W0•15 ). When 
stated in these terms, larger cattle require more total feed for mainten-
ance. However, this requirement is not in direct proportion to body 
weight. Larger type cattle would be expected to gain at a faster rate 
and ther:e is a positive relationship between rate and efficiency of gain. 
A beef cow must be fed and maintained for a full year to produce 
an average of somewhat less than one calf. The series of experiments 
reported here were designed to compare the total efficiency of beef pro-
duction among cattle of different sizes and breeds when all feed fed to 
the cow for 1 year and her calf to slaughter condition are included. 
The objectives of these experiments were: 
• To determine the total feed nutrients required to produce a unit 
of edible beef 
• To compare various breeds and crosses in their total efficiency of 
beef production 
• To study the effects of size of cattle upon total feed requirements 
per unit of beef produced. 
PROCEDURE 
An experiment was conducted during the period 1968 through 1972, 
with different cows used each year. The plan in each year was to in-
clude approximately 10 head each of Charolais, Hereford, crossbred 
Charolais x Hereford, and crossbred Angus x Hereford cows. Half of 
each breed group was to be bred to a Hereford bull and half to a Charo-
lais bull. Because of the cattle available, Angus cows and Angus sires 
replaced the Herefords in the 1971 experiment. However, since the 
Angus were of similar size to the Herefords, only a limited number of 
Angus calves were produced a;nd they were confounded within the 1971 
experiment. The Angus breed is included with the Hereford breed in 
this report. 
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The cows were bred on pasture at the OARDC Outlying Branches 
in the spring. In the fall when their calves were weaned, they were pal-
pated and if found pregnant were brought to Wooster where individual 
feeding facilities were available. They were individually fed in stalls 
once daily the amount of feed calculated from NRC requirements to 
meet the needs of dry and lactating cows of their specific weight. The 
energy requirement for each individual cow was adjusted for her initial 
condition according to her weight/height ratio as outlined by Kloster-
man, et al. ( 13) . When not in their individual feeding stalls, the cows 
were run in two groups in a barn with access to small outdoor lots. To 
avoid consumption of bedding, they were bedded with sawdust. 
In the first year's study, a complete mixed ration was fed to the 
cows. However, some health problems were encountered from eating 
the sawdust bedidng. Therefore, hay, corn silage, and soybean meal 
were fed to the cows during the remaining years. 
When the calves reached 2 months of age, they were tied to individ-
ual feeders while their dams were fed, but were allowed to nurse the 
remainder of the day. They were fed pelleted, 17% protein, alfalfa 
meal the first year. However, since the alfalfa pellets were not well 
liked by the calves, the same complete grain mixture fed following wean-
ing was fed in the nursing period during the last 3 years. Milk produc-
tion of the dams was estimated by the calf consumption method at least 
twice during the nursing period. 
The calves were weaned at about 205 days of age and fed in in-
dividual, slotted floor pens until they reached an estimated low-choice 
slaughter grade. They were slaughtered in The Ohio State University 
Meat Laboratory, Columbus, where carcass weight, grade, area of rib 
eye, fat thickness over the rib eye, and percent kidney, heart, and pelvic 
fat were obtained. By use of appropriate carcass measurements and 
formulas, the percent of edible portion in the carcass ( 11) and calories 
of energy in the empty body (5, 20) were calculated. 
When the last of the calves were weaned, the cows were removed 
from the experiment and a different group of bred cows brought in for 
the next year's study. Approximately a 30-day period 'w.as used to 
move the cows and to accustom the new ones to the individual feeding 
facilities. The amount of feed which would have been consumed by 
each dry cow· of her weight during this transition period was extrapo-
lated so that the amount of feed consumed by each cow for a full year 
was included in the total feed. 
Forty cows, palpated to be pregnant, started each experiment. Due 
to a number of causes (death loss of cows, cows which proved to be 
open, abortions, loss of calves at birth, and death loss of calves prior to 
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slaughter), final carcass data were obtained on 133 calves. Only these 
cow-calf pairs which completed the entire experiment were included in 
the results which were studied by least squares analyses of variance. 
RESULTS 
Since only a limited number of sires of each breed were used, this 
variable was not included in the analyses. Two analyses of the data 
were conducted: 1) to compare three weight classes of cow, and 2) to 
compare the four breeds. In the first, the cows were arbitrarily divided 
into three weight classes without regard to breed. Some cows of all 
TABLE 4.-Average Results by Weight Class of Cow, Least Squares 
Means Adiusted for Differences Among Breed, Age of Cow, Sex of Calf, 
and Years. 
Overall Weight Class of Cow 
Significance Mean 2 3 
Number of cows 133 51 50 32 
Av. weight of cow, lb. ** l 035 874 l 022 1210 
Wt./ht. ratio, lb./in. ** 21.3 18.6 21.2 24.3 
Weaning weight, lb. ** 434 405 433 464 
24-hr. milk consumption, lb. * 13.0 12.0 12.7 14.5 
TDN to cow, lb. ** 3639 3350 3619 3948 
TDN creep, lb. NS 341 324 351 347 
Total TDN, lb. ** 3980 3674 3970 4295 
TON/weaning weight, lb. NS 9.47 9.36 9.49 9.57 
Final weight, lb. ** 930 896 920 973 
Gain on feed, lb. NS 496 491 486 510 
TDN on feed, lb. NS 
" 
2560 2495 2535 2650 
TDN/gain NS 5.23 5.13 5.25 5.31 
Feedlot gain/mid wt.0.15 NS 3.73 3.83 3.69 3.68 
Age at slaughter, days NS 419 416 420 421 
Carcass weight, lb. ** 580 561 572 607 
Dressing percentage NS 61.3 61.2 61.3 61.3 
Carcass gradet NS 19.7 19.9 19.6 19.6 
Fat thickness, in. NS 0.54 0.56 0.56 0.53 
Percent edible portion NS 67.l 66.9 66.8 67.7 
Weight edible portion, lb. ** 383 368 378 405 
Total TDN, cow and calf, lb. ** 6540 6169 6505 6946 
TDN/wt. edible portion, lb. NS 17.2 16.9 17.4 17.3 
Empty body energy, Meal. NS 1431 1404 1435 1453 
Energy EB/ME fed x l 00 ** 13.4 13.9 13.5 12.8 
* and * * Significant at the . 05 and . 0 l levels, respectively. 
'tLow, average, and high choice = 19, 20, and 21, respectively. 
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breeds were included in each weight class and the means were adjusted 
for differences among breeds. In the second analysis, the four breeds 
were compared, with the least square means adjusted for differences 
among weight classes. In both analyses, the means were adjusted for 
differences among years, age of cow, and sex of calf. 
The overall averages obtained for the 133 cow-calf pairs and aver-
ages for three weight classes of cows, with breed effects removed, are 
presented in Table 4. The heavier cows had greater weight to height 
ratios, indicating that they were carrying more condition than the lighter 
cows. 
Milk production of the cow and weaning weight of the calf in-
creased significantly with increased cow weight. However, the amount 
of TDN consumed by the cow and calf also increased with increased 
cow weight. This resulted in only small, non-significant differences in 
amount of TDN required per pound of weaned calf produced. Dif-
ferences in post-weaning gains and efficiency were not significant among 
weight classes, but calves from the larger cows were heavier at the end 
of the finishing phase, produced heavier carcasses and a greater weight 
of edible beef. There were no significant differences -in carcass yield, 
carcass grade, fat thickness over the rib-eye, or percent of edible portion. 
As the larger cows and their larger calves consumed significantly more 
total feed, differences in the amount of TDN required to produce a 
pound of edible beef were not significant. 
On an energy basis, the heavier cows tended to be less efficient as 
they produced significantly less net energy in the empty body of their 
calves per unit of total metabolizable energy fed. This. difference may 
have been due to the significant difference in condition of the cows, 
weight/height ratio, rather than to real differences in size. The cows 
were fed according to their weight and the fatter cows were heavier. Al-
though an adjustment was made in the amount of feed fed to each cow 
based upon her initial condition, this adjustment may not have been 
sufficient for the entire year's feeding period. 
Averages by cow breeds, with effects of weight class of cow re-
moved, are presented in Table 5. Although there were significant dif-
ferences remaining in c·ow weight, these differences were not large and 
there were no significant differences among breeds in condition as mea-
sured by weight/height ratios. 
Hereford x Angus cross cows produced significantly more milk 
which resulted in heavier calves at weaning and less TDN required per 
pound of weaning weight, even though there was no significant differ-
ence among breeds in amount of TDN fed to the cows or in TDN, in 
addition to milk, consumed by the calves. 
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There were no significant differences in final weights, absolute 
gain, or amount of TDN fed post-weaning among calves from the four 
cow breeds. However, calves from Hereford x Angus cross cows gained 
significantly less per unit of weight, relative gain, and required signifi-
cantly more TDN per pound of gain. This difference was very likely 
due to the heavier weaning weight and higher condition of calves which 
resulted from the greater milk production of their dams. 
There were no significant differences among calves from the four 
cow breeds in age at slaughter or in car~ass traits except carcass grade. 
As stated in the procedure, an objective of this experiment was to feed 
TABLE 5.-Average Results by Breed of Cow, Least Squares Means 
Adjusted for Differences Among Weight Class, Age 1of Cow, Sex of Calf, 
and Years. 
Breed of Cow 
. Hereford Hereford 
x x 
Significance Hereford Angus Charolais Charolais 
Number of cows 34 34 32 33 
Av. weight of cow, lb. * 1028 1008 1041 l 064 
Wt./ht. ratio, lb./ in. NS 21.6 21.5 21.2 21.0 
Weaning weight, lb. ** 413 464 413 447 
24-hr. milk consumption, lb. ** 13.3 16.2 10.2 12.6 
TDN to cow, lb. NS 3612 3589 3637 3717 
TDN creep, lb. NS 336 363 331 334 
Total TDN, lb. NS 3948 3952 3968 4051 
TON/weaning weight, lb. ** 10.l 8.6 l 0.0 9.2 
Final weight, lb. NS 914 930 923 951 
Gain on feed, lb. NS 501 467 510 504 
TDN on feed, lb. NS 2531 2493 2568 2648 
TDN/gain 5.12 5.40 5.09 5.32 
F~edlot gai.n/mid wt.0.15 ** 3.87 3.43 3.91 3.72 
Age at slaughter, days NS 419 413 417-- 427 
Carcass weight, lb. NS 567 578 576 599 
Dressing percentage NS 60.9 61. l 61.4 61.9 
Carcass gradet * 19.7 20.0 19 .. 8 19.2 
Fat thickness, in. NS 0.58 0.61 0.49 0.50 
Percent edible portion NS 67.5 67.l 67.2 66.8 
Weight edible portion, lb. NS 376 382 382 393 
Total TDN, cow and calf, lb. NS 6480 6445 6537 6697 
TDN/wt. edible portion, lb. NS 17.4 17.0 17.3 17.l 
Empty body energy, Meal. * 1384 1430 1412 1495 
Energy EB/ ME fed x l 00 NS 13.l 13.6 13.2 13.7 
* and ** Significant at the .05 and .01 levels, respectively. 
tLow, average, and high choice == 19, 20, and 21, respectively. 
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all calves, regardless of sex, breed, weight, or age, to choice slaughter 
'grade. This was attained with 84% of the 133 head slaughtered, with 
only 2% grading below high good. The least square means were well 
within the choice grade and varied· less than one-third of a grade. How-
ever, there was a tendency for calves out of Charolais cows to be older 
at slaughter and to grade slightly lower. 
Net efficiency (total TDN consumed by the cow and calf divided 
by pounds of edible portion produced) tended to be similar for all breeds 
of cow as there were no significant differences among them in this trait. 
Neither was there a ·significant difference among breeds on an effi-
ciency of energy storage basis. This is in contr,ast to the weight class 
comparison where differences in both weight/height ratios and effi-
ciency of energy use were observed. There were significant differences 
in energy storage due to the slightly heavier calves from Charolais cows 
and slightly fatter calves from Hereford x Angus cross cows. However, 
these differences were not significant when expressed as a percentage of 
total energy fed. 
DISCUSSION 
In considering the results of these experiments, it is important to 
remember that size of cow and breed of cow were compared separately 
and independent of each other. In studying size, all breeds of cows · 
were included in each weight class and the effects of breed were removed 
statistically. Likewise, in comparing breeds, the effects of weight class 
were removed. For this reason, the actual weight differences among 
cow breeds were greater than the adjusted average weights presented 
in Table 5. 
When comparing breeds of different sizes where it may not be pos-
sible to adjust the results statistically, it is necessary to consider breed 
and size simultaneously. However, with the breeds and sizes used in 
these experiments, the results would be expected to be the same as those 
reported here. In neither the size nor breed comparison were there sig-
nificant differences in the amount of feed required to produce a pound 
of edible beef. Either larger cattle within a breed or larger breeds 
would be expected to produce more beef per animal unit. However, 
these differences would be counterbalanced by the greater feed con-
sumption of the larger cattle. Irrespective of condition as it affects cow 
weight, calf production by cows of different sizes appears to be in pro-
portion to the size of the cow. Thus, size of cow per se seems to be of 
minor importance in total efficiency of edible beef production. 
Two significant breed differences were noted in these experiments. 
Hereford x Angus cross cows produced significantly more milk which 
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apparently increased the weaning weight of their calves, reduced their 
efficiency on feed, and produced slightly fatter carcasses. Although 
fed to a slightly older age, calves from Charolais cows graded signifi-
cantly lower. This difference among breed types in length of feeding 
period required to attain a common grade are in agreement with results 
presented in Section V of this bulletin. 
It is of interest that only 13.4% of the metabolizable energy fed to 
the cow and calf was recovered as net energy in the calf at slaughter. 
Thus, 86.6% was required for maintenance and other non-productive 
functions. The data included here are only· for cow-calf pairs which 
completed the experiment and hence are based on a 100% calf crop 
slaughtered. Actual efficiency of production is somewhat lower than 
this. 
Ill. Rate of Maturity as a Measure of 
Efficiency in Beef Cattle Production 
The major input for the production of carcass beef is the total feed 
required by the breeding herd and finishing cattle. As shown in Sec-
tion II (Table 4), of the total digestible nutrients (TDN) required to 
produce a slaughter animal to low choice carcass grade, an average of 
55 % was required by the cow and 45 % by the calf. This proportion 
is based on a 100% calf crop going to slaughter. If the feed required 
to produce replacement heifers and breeding bulls was included and 
an average calving percentage was used, the proportion required by the 
breeding herd would be considerably greater than 55 % . Therefore, a 
high reproductive rate and maximum slaughter weight of offspring for 
a given cow size are obvious important efficiency traits to improve net 
efficiency in the production of beef. 
Rate of ·growth has been highly emphasized as an important pro-
duction trait in beef cattle. However, the relationship between growth 
rate and efficiency of feed utilization among cattle of various types and 
sizes fed to similar carcass grade or degree of fatness has not been sig-
nificant. Kleiber ( 9) and others, as reviewed by Klosterman ( 10), 
have shown that feed efficiency is independent of absolute rate of gain 
except for animals of the same size. This suggests that cattle with a 
similar slaughter weight potential but a higher rate of gain would there-
fore be earlier maturing and more efficient utilizers of feed if terminated 
on a fat constant basis. 
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PROCEDURE 
The purpose of this section is to report the relationship of rate of 
maturity with the total feed required by the cow and calf per edible unit 
of low choice grade beef. The measurement for rate of maturity used 
in the study was derived by Parker, et al. ( 19) from the following expres-
s10n: 
Weight per Day of Age 
Slaughter Weight 
which expresses rate of gain as a proportion of final weight and reduces to: 
Age at Slaughter 
This function measures rate of growth relative to the body weight 
at which time the estimated body composition (fatness) would yield a 
low choice carcass grade. Weight and time on feed do not influence this 
measure of maturity, nor were they considered for determining the end 
test point for slaughter of cattle in this experiment. 
The data used in this study were obtained from Section II of this 
bulletin where detailed procedures are outlined. The particular experi-
mental procedure to be recalled here is that all calves were slaughtered 
when they reached an es.timated low choice grade condition regardless of 
age, weight, or sex and that the effects of sex were removed statistically. 
The overall values used to study feed efficiency were the total TDN 
required by the cow and calf, pounds of TDN needed per unit of edible 
beef produced, and the total net energy in the empty body per unit of 
metabolizable energy available from the total feed fed to the cow and 
calf to slaughter. The overall means for these traits, taken from Table 
4, are presented in Table 6. 
The least squares method for analysis of variance was used to ana-
lyze the experimental data. The statistical model included breed of 
sire and dam of the calf, sex of calf, year of birth, and a number of co-
variates_, including 1/ age at slaughter x 100 to measure rate of maturity. 
TABLE 6.-Feed Utilization Traits.* 
Trait 
Total TDN {cow and calf), lb. 
TDN/wt. edible portion, lb. 
Empty body energy, Meal. 
Met. energy fed, Meal. 
x 100 
Unadjusted Means (lb.) 
6439 
17.2 
13.4 
Standard Deviation 
612 
1.70 
1.54 
*Values in this table were from 133 cow-calf records where the average cow weight 
was 1 ,035 lb. and the average slaughter weight was 930 lb. 
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RESULTS 
As a covariate, 1/ age at slaughter x 100 had a highly statistically 
significant influence on the three feed utilization traits presented in 
Table 6. The average age at slaughter was 414.5 days and when ex-
pressed as 1/ age at slaughter x 100 is equal to 0.2412 with a standard 
deviation of 0.0172. The correlation calculated from the residual sums 
of squares and cross products from the least squares analysis between 
1/ age at slaughter and total TDN was -0.52, indicating that animals 
with faster rates of maturity were more efficient utilizers of feed. This 
relationship was highest with TDN required during the post-weaning 
period (r = -0.63), and less (r = -0.22) with TDN required by the 
cow. 
There was a slight relationship between consumption during the 
pre-weaning period with rate of maturity ( r = 0.13), indicating that 
faster maturing calves consumed more TDN . up to weaning. When 
1/ age at slaughter was studied as a dependent variable, only the yearly 
variation and milk production of the dam were statistically significant 
effects on the total variability of this trait. Higher rates of milk pro-
duction hastened the rate of calf maturity. However, higher milk pro-
duction was not directly related to improved feed utilization. 
DISCUSSION 
The data from this study indicate that, within a given environ-
ment, rate of calf maturity ( 1/ age at slaughter) to a low choice carcass 
condition is an important component of total feed utilization in the pro-
duction of beef. The importance of this trait in a selective breeding 
program needs further study to determine the percent of total variation 
which would respond to selection and its interrelationship with other 
important traits. The relative importance of rate of maturity among 
varying sets of environmental conditions also warrants further con-
sideration. For highly intensified beef production systems, a rapid rate 
of maturity may become a more prominent produGtion characteristic 
of cattle genetically developed for optimal utilization of the available 
resources. 
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IV. Growth of Replacement Heifers 
of Various Breeds Fed 
Two Levels of Feed Intake 
The net energy requirements of growing and finishing beef steers 
and heifers of various weights and rates of gain have been estimated 
( 18).' These show that, in addition to energy required for maintenance, 
the net energy required for a specific rate of gain increases with the 
weight of the animal. These increases ate generally believed to be due 
to changes in body composition as the animal grows and finishes. How-
ever, among animals varying in type and size, there can be significant 
differences in weight without large differences in composition. Thus, 
a question can be raised as to whether or not currently recommended 
energy requirements are applicable to crossbred cattle of various types. 
Specifically, do larger, heavier heifers, with a similar degree of finish, 
require more energy per unit of gain above maintenance than smaller, 
lighter· weight heifers? 
These experiments were designed to compare the growth rate of 
different sizes of heifers when fed a constant amount of feed in propor-
tion to their weight. Since there were no differences between the Here-
ford and Charolais breeds i;n maintenance requirements (Section I), 
the levels of feeding chosen for these experiments were two multiples of 
maintenance. 
PROCEDURE 
The heifers used in these experiments were from herds maintained 
at QARDC Outlying Branches involved in a breeding experim~nt de-
signed to compare the combining ability of two different sizes of both 
beef and dairy breeds. The mating plan used to produce these heifers 
is given in Table 7. . 
Heifers from these eight matings were born in the spring, were on 
pasture with their dams without ·Creep until weaned, and were· taken 
to OARDC in Wooster in the fall. After a short adjustment period to 
. weaning and being tied to individual feeders, they were started.:on ex-
Breed of Dam 
Angus 
Charolais 
TABLE 7.-Mating Plan for First-Cross Calves. 
Angus (A) 
Ax A 
Ax C 
Breed of Sire 
Charolais (C) 
CxA 
c x c 
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Jersey (J) 
J x A 
J x c 
Brown· Swiss (BS) 
BS x A 
BS x C 
TABLE 8.-Performance of Heifers of Different Breeding When Fed at 1.5. or 2.0 Times Maintenance, Least 
Squares Means (Average 1of Three Experiments). 
Average 
Number Initial Final Daily Relative TON/ TON/ 
of Wt. Wt. Gain Gain* Day Gain Wt./Ht. 
Heifers (lb.) (lb.) (lb.) (lb.) (lb.) (lb:) (lb./in.) 
Level of feeding NS ** ** ** ** ** ** 
1.5 x M 104 390 594 0.97 0.94 5.18 5.47 13.2 
2.0 x M 108 387 705 1.51 1.34 7.60 5.12 15.3 
Breed Group 
Sire x Dam ** ** NS ** ** ** NS 
A A 26 353 612 1.23 1.19 5.92 4.96 14.5 . 
A c 17 375 644 1.28 1.19 6.29 5.15 14.2 
I\.) c A 32 392 655 1.25 1.13 6.43 5.31 14.6 0 
c c 30 420 679 1.23 1.08 6.64· 5.55 14.4 
J A 29 362 612 1.19 1.14 6.07 5.17 13.8 
J c 24 392 641 1.18 1.08 6.43 5.53 13.6 
BS A 27 398 677 1.33 1.19 6.53 5.00 14.7 
BS c 27 414 677 1.25 1.09 6.81 5.69 14.0 
Age of Dam * ** ** NS ** NS ** 
3-year-old 34 374 623 1.18 1.12 6.17 5.41 13.7 
Mature 178 402 677 1.30 1.16 6.61 5.18 14.7 
Year ** * NS NS ** ** NS 
1972-73 77 392 656 1.24 1.12 6.09 5.05 14.2 
1973-74 69 372 629 1.22 1.17 6.25 5.22 14.l 
1974-75 66 400 664 1.26 1.13 6.83 5.63 14.3 
*Relative gain::::: ADG/Mid Wt.0• 75 x 100; NS== non-significant difference; * and ** == significant at the .05 and .01 levels, respectively. 
periment. A total of 212 heifers born in 1972, 1973, and 1974 were 
included and identical procedures were followed each year. They were 
fed 212 days in 1972-73 and 210 days in 1973-74 and 1974-75. Here-
ford bulls were turned with the heifers during the last 42 days of these 
feeding periods and remained with them after they were hauled to pas-
ture at the Eastern Ohio Resource Development Center. 
Half of the heifers of each breed or cross were fed sufficient feed 
to supply TDN at 1.5 times their requirement for maintenance and the 
other half at 2.0 times maintenance. They were tied to individual 
feeders once daily and were fed a constant amount of corn silage and a 
sufficient amount of a grain mixture to furnish the specified levels of 
energy. Urea, limestone, and sulfur were added to the corn silage at en-
siling time and the grain mixture was calculated to be adequate in pro-
tein so that variable amounts of the two could be fed without significant-
ly changing the protein content of the total ration. 
· The TDN contents of the feeds were estimated and the amounts 
fed calculated from the formula of Garrett, et al. (6), i.e.) TDNm := 
0.036 w0• 75 in pounds. The heifers were weighed and the amount of 
grain mixture adjusted for weight changes every 14 days. Any refused 
feed was subtracted from the amount offered. 
Height at hooks of all heifers was measured at the end of the feed-
ing period and weight/height ratios were calculated. 
RESULTS 
Results obtained in the 3 years were combined in one analysis of 
variance with the least square means presented in Table 8. The rela-
tive gains presented are a measure of rate of gain per unit of metabolic 
size and were calculated by the formula, ADG/Mid. Wt.°· 70 x 100. 
As would be expected, heifers fed the higher level of feed gained 
significantly faster and were heavier at the completion of the experi-
ment. Heifers fed the higher level also made greater relative gains and 
required less TDN per unit of gain, the commonly observed relationship 
between rate and efficiency of gain. 
Comparison of heifers by breed groups shows highly significant clif-
f erences among them in initial and final weights and, since weight de-
termined the amount of feed fed, in TDN consumed per day. Even 
though there were highly significant differences in TDN consumption 
per head daily, there were no significant differences in absolute average 
daily gains. However, there were highly significant differences in rela-
tive gain, gain per unit of weight, and TDN required per unit of gain. 
Heifers with Angus breeding consistently required less energy per unit 
of gain than those without Angus sires or dams. Straightbred Angus 
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heifers required 4.96 lb; an average of all half-blood Angus, 5.16 lb; 
and an average of those without Angus breeding, 5.59 lb. of TDN per 
pou:nd of gain. There were no significant interactions among breed 
types and levels of feeding in rate or efficiency of gain. 
Heifers from mature dams were heavier at weaning and hence were 
fed more feed and gained at a faster rate than those from 3-year-old 
dams. However, there was no significant difference between the two 
groups in relative gain or efficiency of gain. 
There were significant differences in weight of heifers among the 
three years but, when fed according to weight, no significant differences 
in absolute or relative gain. Table 8 indicates significant differences 
among years in TDN required per unit of gain. These differences may 
well have been due to differences in quality of feeds fed, especially corn 
silage, rather than real differences in requirements of the heifers. The 
same estimated TDN content of feeds was used for all 3 years, but dif-
ferences in silage, at least in dry matter content, were known to exist. 
Final weight to height ratios were significantly different between 
the two levels of feeding ·and between the two ages of dam. Weight to 
height ratios of these immature heifers were lower than those of mature 
cows reported in Section I. However, they are believed to be approxi-
mate indicators of condition. Heifers from mature dams were heavier 
initially, and quite likely fatter, which probably explains their larger, 
final weight to height ratio. 
Some . correlation coefficients of interest, calculated on a within 
subclass basis, are presented in Table 9. Initial weight was positively 
correlated with absolute daily gain but negatively correlated with rela-
tive gain. Absolute gain and relative gain were correlated, D. 79; ab-
solute gain and TDN per unit of gain, -0. 73; and relative gain and 
TDN per unit of gain, -0.91. Thus, even though the two measures of 
gain were correlated, relative gain was 56% more efficient in estimating 
feed efficiency than absolute gain was. 
TABLE 9.---".'Wit'hin Subclass Correlations Between· Certain Traits. 
Initial weight 
Av. daily gain 
Relative gain 
TDN per day 
TDN/gain 
Wt./Ht. 
Initial 
Wt. 
1.00 
Average 
Daily 
Gain 
0.31 
l 00 
Relative 
Gain 
-0.30 
0.79 
1.00 
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"TON per TON/ 
Day Gain Wt./Ht. 
0.87 0.27 0.83 
0.57 -0.73 0.71 
0.00 -0.91 0.20 
1.00 0.07 0.87 
1.00 -0.18 
l.00 
DISCUSSION 
In considering the results obtained in this experiment, it should be 
remembered that feed intake was controlled and calculated from initial 
weight and each subsequent 14-day weight, with· weights taken to the 
three-fourths power (metabolic size) . The two levels of feeding were 
also based on two multiples of maintenance which are stated in terms of 
metabolic size. That is, any difference in appetite which might exist 
among breed types was not permitted to operate, nor could compensa-
tory gain occur if influenced _by appetite. 
Under the conditions of this experiment, the results show that NRC 
recommendations of the net energy requirements for gain of heifers 
varying in weight are applicable to heifers varying in size. Even though 
the heavier, larger type heifers were fed more feed per head daily, their 
absolute gains were not significantly greater than the smaller type heif-
ers. It was not possible to accurately measure differences in body com-
position which might have existed among the heifer types used in these 
studies. However, larger-type heifers would not be expected to be, nor 
did they appear to be, fatter at weaning than the smaller type heifers. 
Thus, different energy requirements for gain of calves of different types 
do not appear justified. 
On a within subclass basis, final weight/height ratio was highly 
correlated with initial weight, 0.83, and average daily gain, 0.71. It 
was also correlated with relative gain, 0.20; TDN fed per day, 0.87; 
and TDN per unit of gain, -0.18. These correlations suggest that 
initial and subsequent 14-day weights, which determined TDN fed 
daily, may have been influenced by body composition. The significant 
difference in weight/height ratio due to age of dam also indicates that 
initial weight and TDN fed were influenced by initial body_ compo-
sition. 
As indicated in Section I, the maintenance requirement of fat cows 
per unit of metabolic size was lower than that for thin cows and an accu-
rate estimate of maintenance should consider differences in condition. 
Although n<?t significantly different, the weight/height ratio of straight-
bred Angus heifers was 14.5, an average of all half-blood Angus was 
14.3, and an average of those without Angus breeding was 14.0. Thus, 
it seems possible that the differences in relative gain and feed efficiency 
observed among breed groups may have been due to an inaccurate esti-
mate of maintenance among breed types if initial and subsequent weights 
and TDN fed were influenced by differences. in body composition. 
The results of these experiments illustrate the importance of using 
relative gain rather than absolute gain as an indicator of efficiency when 
comparing cattle of different types. .While no significant differences 
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among breed types were found for absolute rate of gain, highly signifi-
cant differences existed for relative gain and for the amount of feed 
required per unit of gain. 
V. Performance and Carcass Traits of 
Large and Small Type 
Growing-Finishing Steers 
Rate of gain, efficiency of gain, and ability to finish at a desired 
weight are important traits in feedlot cattle. The results obtained from 
growing-finishing experimelJ_ts with different types of cattle may differ 
if they are fed for a constant time, to a constant weight, or to a constant 
grade. 
Two experiments were conducted to compare steers of different 
breed types when finished following weaning. Although all breed 
types were not included, these steers were from the same breeding ex-
periment as the heifers reported in Section IV. 
EXPERIMENT I 
Procedure 
Twenty-eight steers of diverse breed and size were individually fed 
in slotted floor pens. They were started on experiment at approximate-
ly 8 months of age and fed a ration of 5 lb. of corn silage, 2 lb. of a pro-
tein supplement, and cracked corn full-fed. They were slaughtered in 
The Ohio State University Meat Laboratory when each steer appeared 
to have reached approximately 30% carcass fat and low choice grade. 
TABLE 10.-Breed Means for Performance and Carcass Traits Ad-
justed f.o Equal Carcass Fat Content. 
Brown Swiss Jersey 
X Charolais x Angus Charolais Angus 
Number of steers 5 6 5 6 
Beginning wt. (lb.) 469 416 478 440 
Slaughter wt. (lb.) l 007 845 l 058 862 
Days on feed 248 190 251 162 
Av. daily gain 2.18 2.29 2.42 2.53 
Av. daily feed (lb.) l 0.90 10.17 10.65 10.68 
Daily feed/W0·m x l 00 (lb.) 7.67 8.07 7.29 8.27 
TON/gain 5.00 4.44 4.40 4.22 
Marbling* 23.7 23.l 22.6 20.9 
Carcass gradet 19.3 19.4 19.2 18.6 
*Marbling: 20 =small-, 21 = small 0 , 22 =small+, 23 ==modest-, etc. 
tcarcass grade: 18 :::::: good+, 19 :::::: choice-, 20 = choice 0 , etc. 
24 
Charolais 
x Angus 
6 
485 
968 
212 
2.33 
l 0.81 
7.72 
4.64 
20.6 
18.5 
Results 
Averages of live performance and carcass traits of the different 
breed combinations fed were statistically adjusted to equal percent car-
cass fat and are presented in Table 10. There were large differences 
in days fed and slaughter weight. The Brown Swiss x Charolais and 
Charolais steers were heavier when slaughtered and required a longer 
time on feed than the Angus or Jersey x Angus steers. The Charolais x 
Angus were intermediate in both slaughter weight and days fed. When 
fed to comparable finish, differences among breeds for average daily 
gain, TDN required per pound of gain, marbling, and carcass grade 
were small, statistically non-significant, and did not show any trends 
related to final slaughter weight. 
There were significant differences in daily feed intake per unit of 
metabolic size and these were negatively, closely related to the number 
of days required to reach low choice grade. 
EXPERIMENT II 
Procedure 
Sixteen head each of Angus and Charolais steer calves were fed in 
this experiment. All calves were implanted with Synovex-S at the start 
of the experiment and again after they had been on feed for 84 days. 
Half of the calves within each breed group were full-fed limestone-
treated corn silage and 2 lb. per head daily of a complete protein supple-
ment. The remaining calves were full-fed dry, whole shelled corn, 5 lb. 
of limestone-treated corn silage, and 2 lb. of the same protein supple-
ment. The steers were fed in two groups according to the rations fed 
so feed consumption and requirements by breed were not obtained. 
Upon reaching slaughter condition, the steers were shipped to the 
Meat Laboratory for carcass evaluation. Additionally, specific gravity 
was measured on the left side of each carcass to determine the carcass 
fat content of each steer. 
Results 
The feedlot performance of these steers is shown in Table 11. · As 
expected, gains and feed efficiency were greater on the high-concentrate 
ration than on corn silage. Charolais steers gained at a faster rate than 
Angus steers. Steers on the silage ration were fed somewh~t longer than 
those on the concentrate ration. Unfortunately, it was not possible to 
feed the silage ration until the steers were equal in weight to those fed 
the concentrate ration. 
Carcass characteristics of these steers are shown in Table 12. In 
order to compare carcass traits of the two, rations at equal carcass 
weights, all carcass data were adjusted statistically to the average hot 
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TABLE 11 .-Corn Silage vs. High-Concentrate Rations for Steers-
Feedloi· Results. 
Silage Concentrate 
Angus Charolais Angus Charolais 
Number of steers 8 8 8 8 
Initial weight, lb. 430 479 417 482 
Final weight, lb. 844 968 938 1093 
Days on feed 200 186 
Av. daily gain, lb. 2.07 2.45 2.82 3.27 
Av. daily ration: 
Corn silage, lb. 32.6 5.5 
Whole corn, lb. 14.2 
Supplement, lb. 2.0 2.0 
OM/gain 6.59 5.37 
carcass weight of each breed, i.e., 569 lb. for the Angus steers and 658 lb. 
for the Charolais steers. This adjustment allows the data to be evalu-
ated as though the steers had been fed to the same final weight. Using 
the average daily gains shown in· Table 11, it can be calculated that to 
reach equal final weight, steers fed the silage ration would have required 
223 days and the concentrate fed steers 165 days to reach the carcass 
weights shown in Table 12. 
Steers full-fed corn silage would be expected to have more fill at 
slaughter than those fed corn grain, and hence a lower carcass yield. 
TABLE 12.-Corn Silage vs. High-Concentrate Rations for Steers-
Carcass Traits.* 
Silage 
Angus Charolais 
Number of steers 8 8 
Hot carcass wt., lb. 569 658 
Dressing percentage 63.7 64.2 
Marbling secret 5.0 3.4 
Grade:j: 19 15 
Fat thickness, in. 0.60 0.25 
K-P-H fat, % 3.0 2;4 
Area rib eye, sq. in. 10.0 11.8 
Yield grade 3.6 2.3 
Carcass fat, % 28.0 19.3 
*All data adjusted to the mean hot carcass weight within breed. 
t3 ==: trace, 4 ==:slight, 5 =small, 6::::::: modest. 
Concentralte 
Angus Charolais 
8 8 
569 658 
65.0 63.9 
5.7 4.0 
19 17 
0.68 0.24 
3.0 3.0 
l 0.5 12.8 
3.6 2.1 
31.8 22.2 
:j:Low, average and high choice==: 19, 20, 21; good= 16, 17, 18; and standard= 
13, 14, and 15, respectively. 
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This was apparent in the Angus breed but not the Charolais. When 
fed to equal weights, there was no difference in carcass grade between 
Angus steers fed silage or grain. However, Charolais steers fed silage 
graded two-thirds of a grade lower than those fed grain. Total carcass 
fat, as determined by specific gravity, was higher for both breeds when 
fed the concentrate ration. 
When fed for the same length of time on either the silage ration, 
223 days, or the concentrate ration, 165 days, Angus steers were gener-
ally fatter than Charolais steers. This was expressed in total carcass 
fat, marbling score, fat thickness, final grade, and yield grade. How-
ever, when fed the concentrate ration, there was no difference between 
the breeds in kidney-pelvic-heart fat. As would be-expected with leaner 
carcasses, Charolais steers had larger rib-eyes and ·higher yield grades. 
DISCUSSION 
The two experiments reported in this section illustrate the differ-
ences in results which may be obtained when cattle of different size and 
breed are fed to a constant carcass composition, for a constant length 
of time, or to constant weights on different rations. When fed to a con-
stant composition in Experiment I, there were large differences in 
slaughter weight and days fed, but only small non-significant differences 
in average daily gain, feed efficiency, marbling score, and carcass grade. 
Although a limited number of steers were used in this study, results are 
in agreement with those of Hankes, et al. ( 7) and others. 
When fed for a constant period of time on either a corn silage or 
high concentrate ration in Experiment II, there were large differences 
between Angus and Charolais steers in both rate of gain and carcass 
compos1t10n. When fed to the same within breed weight on the two 
rations, there appeared to be a breed x ration interaction in carcass 
grade. Angus steers of the same weight graded low choice on either 
the silage or concentrate ration. However, Charolais steers of equal 
weights graded two-thirds of a grade lower on the silage ratio:U. To 
grade the same, Charolais steers would need to be fed the high-concen-
trate ration longer than Angus steers and Charolais steers fed the silage 
ration would need to be fed longer and to heavier weights than Charolais 
steers fed the concentrate ration. This breed x ration interaction has 
been verified by recent, unpublished data obtained in this department 
( 4). 
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VI. Effect of Sex Upon Net Energy Value 
of Corn Silage and Ground Ear Corn When 
Fed Separately or. in Combination 
to Steers and Heifers 
Net energy is the most accurate measure of the energy value of a 
·feed for productive purposes. Net energy is determined by subtracting 
the energy lost through the feces, urine, combustible gases, and heat in-
crement from the total gross energy of a feed. Thus, by definition, net 
energy is the amount of energy in a feed which is available for the pro-
duction of growth, fattening, milk, etc. 
Net energy values may be determined with a respiration calori-
meter or a respiration chamber where all heat losses are measured di-
rectly or estimated indirectly from gaseous exchange. These methods 
have a number of definite limitations. They are costly in equipment 
and labor. Only a limited number of animals can be used and these 
can be used only for a short time and under unnatural conditions. 
A method of estimating net energy values of feeds for beef cattle 
with a comparative slaughter technique has been developed by Lofgreen 
( 1 7). This method is based upon the amount of energy stored by a 
group of animals fed a specified ration for a period of time. A repre-
sentative sample of animals is slaughtered ·at the beginning of the experi-
ment and their chemical composition is determined by the specific grav-
ity of the carcass. At the end of the experiment, the same information 
is obtained on cattle fed the ration being tested. From the composition 
of the carcass at the start and the end of the experiment, the amount of 
energy stored from a measured amount of feed can be determined. 
This method, with minor modifications, was used in these experi-
ments to estimate the net energy value of corn silage, ground ear corn, 
and a combination of the two when fed to growing-finishing steers and 
heifers. 
Steers and heifers can both be fattened satisfactorily on a variety 
of rations. There are some basic differences, however. Most notable 
of those is the more rapid fattening of the heifer. When fed the same 
ration, heifers will fatten at an earlier age and lighter weight th~n steers. 
The objective of these experiments was to determine if the net energy 
value of rations varying in energy content might differ when fed to 
steers or heifers. 
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PROCEDURE 
Two experiments were conducted at the OARDC Northwestern 
Branch. Two concrete stave silos were filled with well-eared, well-
matured, whole plant corn to which 10 lb. of urea, 10 lb. of ground 
limestone, and 2 lb. of dicalcium phosphate were added per ton at the 
time of ensiling. Whole ear corn was ground through a burr mill prior_ 
to feeding. Other feeds included were: a mixture of ground ear corn, 
85 % , and urea, 15 % ; pelleted dehydrated alfalfa ( 1 7 % protein, 
100,000 units vitamin A) ; trace mineralized salt; and a mixture of 4 
parts steamed bonemeal and 1 part salt. Dry matter of the silage and 
ear corn was determined each 14-day period. 
Choice quality Hereford steers and heifers were purchased from a 
single ranch in northern Texas and shipped to Ohio in early October. 
The supply of silage available was not adequate to feed the cattle from 
this date until the desired final weight. So all cattle were fed the same 
ration of hay and grain until the experiments were started in late De-
cember. At the start of the experiments, the steers were implanted in 
the ear with 30 mg. of stilbestrol and the heifers with 15 mg. 
Initial and final live weights were shrunk weights taken after the 
cattle were held off feed and water overnight. Steers and heifers were 
randomized within weight groups in three lots each. Three steers and 
three heifers were selected at random within weight groups and 
slaughtered to determine initial body composition. 
The objective was to feed the heifers to an average weight of 850 
lb. and the steers to 1,000 lb. This was nearly attained in all instances 
except for steers full-fed silage in the first experiment because the supply 
of silage was inadequate to carry them to that weight. 
When a lot of cattle reached the desired weight, a shrunk weight 
was taken and the animals were paired according to weight. One ani-
mal of each pair was randomly selected for slaughter in The Ohio State 
University Meat Laboratory and the other was sold at local auction. 
The empty body weight of the cattle slaughtered was calculated by 
subtracting the weight of paunch fill from the live weight at slaughter. 
This empty weight was expressed as a percentage of the shrunk weight 
taken prior to shipment. This percentage was then used to estimate 
the empty weight of the animals fed in the experiment. 
Detailed carcass data were obtained which included separating the 
round, loin end, rib, and chuck into edible portion, bone, and fat trim. 
These results were used to estimate the percentages of each in the total 
carcass. The 9-11 rib section minus the bone was ground and sampled 
for the determination of moisture, fat, protein, and ash. The percent 
body water of the empty body weight was estimated by the following 
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formula, which was derived from equations presented by Kraybill, 
et al. ( 16): 
Percent Body Water = 72.3 .- (0.6227) (Percent Fat 9- 11 Rib) 
This percentage was used to estimate total energy content of the 
empty body according to the procedure outlined by Lofgreen ( 17). Dif-
ferences in energy content of the initial and final samples of cattle were 
used to determine energy storage and the net energy value of the rations 
fed. The constant used to estimate the amount of energy expended for 
maintenance was 75W0•75 kg. 
TABLE 13.-Performance of Steers and Heifers Full-Fed Corn Silage, 
Gl'lound Corn, 01· a Combination of the Two (Experiment I). 
Number 
Av. initial wt., lb. 
Av. final wt., lb. 
Av. daily gain 
Days fed 
Av. daily ration, lb. 
Corn silage 
Ground ear corn 
Corn-urea mix 
Dehydrated alfalfa 
Total dry matter 
Dry matter per cwt. 
Feed per cwt. gain, lb. 
Corn silage 
Ground ear corn 
Corn-urea mix 
Dehydrated alfalfa 
Total dry matter 
Dressing percentage 
Marbling score* 
final gradet 
Fat thickness, inches 
Area rib eye, sq. in. 
Edible portion, % 
Bone, % 
Fat,trim, % 
Tenderness score 
Silage 
Steers Heifers 
14 
575 
943 
1.94 
189 
35.6 
1.0 
14.5 
1.90 
1832 
51 
748 
59.2 
4.7 
17.7 
0.28 
l 0.0 
72.6 
18.l 
9.3 
22.4 
14 
554 
841 
1.87 
154 
34.3 
1.0 
14.0 
2.01 
1841 
54 
754 
59.3 
5.7 
19.3 
0.50 
8.9 
67.8 
16.l 
16.l 
22.5 
*Slight=: 4, small =: 5, and modest== 6. 
Silage + Corn 
Steers 
14 
570 
993 
2.52 
168 
10.0 
13.5 
1.2 
1.0 
16.9 
2.16 
396 
536 
48 
40 
670 
61.4 
5.7 
19.3 
0.42 
10.0 
70.l 
15.8 
14.l 
16.0 
Heifers 
14 
557 
851 
2.22 
133 
l 0.0 
11.7 
1.2 
1.0 
15.4 
2.19 
449 
526 
54 
45 
692 
60.8 
5.6 
18.9 
0.57 
9.5 
67.0 
14.5 
18.5 
25.l 
Steers 
13 
575 
998 
2.25 
189 
14.9 
1.5 
1.0 
14.4 
1.83 
663 
67 
45 
643 
62.l 
5.6 
19.2 
0.50 
9.6 
71. l 
15.7 
13.2 
18.9 
Corn 
Heifers 
14 
56'0 
836 
2.19 
126 
14.3 
1.5 
1.0 
14.0 
2.01 
653 
68 
46 
637 
60.3 
5.7 
18.9 
0.37 
9.1 
60.0 
15.3 
15.7 
19.5 
tLow, average, and high good == 16, 17, and 18; low, average, and high choke == 
19, 20, and 21, respectively. 
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RESULTS 
Feedlot results and carcass data obtained in Experiment I are pre-
sented in Table 13 and Experiment II in Table 14. Total percentages 
of edible portion, bone, and fat trim and tenderness scores were obtained 
in the first experiment but not in the second. 
Results obtained in the two experim·ents are in good agreement and 
also with previous comparisons of steers and heifers. Steers ate slightly 
more feed per head daily and gained faster than heifers. However, on 
a per unit of weight basis, the heifers consumed more dry matter daily 
and were fatter at a final weight of about 850 lb. than steers were at 
1,000 lb. Even though the heifers were fatter when fed to these weights, 
there was very little difference between the sexes in amount of dry mat-
ter required to produce 100 lb. of live weight gain. 
TABLE 14.-Performance of Steers and Heifers Full-Fed Corn Silage, 
Ground Ear Corn, or a Combination of the Two (Experiment II}. 
Silage Silage + Corn Corn 
Steers Heifers Steers Heifers Steers Heifers 
Number 14 14 14 14 14 14 
Av. initial wt., lb. 599 572 600 572 600 572 
Av. final wt., lb. 978 847 983 843 990 821 
Av. daily gain 1.93 1.87 2.38 2.27 2.08 1.87 
Days fed 196 147 161 119 188 133 
Av. daily ration, lb. 
Corn silage 44.0 42.4 1 o.o 10.0 
Ground ear corn 13.2 12.6 15.l 14.0 
Corn-urea mix 1.2 1.2 1.5 1.5 
Dehydrated alfalfa 1.0 1.0 1.0 1.0 1.0 1.0 
Total dry matter 13.8 13.3 15.4 14.9 14.2 13.4 
Dry matter per cwt. 1.75 1.87 1.95 2.11 1.79 1.92 
Feed per cwt. gain, lb. 
Corn silage 2278 2264 419 438 
Ground ear corn 555 554 724 . 751 
Corn-urea mix 50 53 72 80 
Dehydrated alfalfa 52 53 42 44 48 53 
Total dry matter 713 711 648 657 685 718 
Dressing percentage 61.4 60.8 61.7 61.0 60.7 60.3 
Marbling score* 5.1 6.5 5.4 5.4 5.2 4.5 
Final gradet · 19.7 19.1 20.4 18.8 19.8 19.5 
Fai' thickness, inches 0.42 0.56 0.43 0.46 0.38 0.42 
Area rib eye, sq. in. 9.5 8.8 9.7 9.6 9.5 9.6 
*Slight :::::::: 4, small :::::::: 5, and modest:::::::: 6. 
tLow, average, and high good:::::::: 16, 17, and 18; low, average, and high choice= 19, 
20, and 21, respectively. 
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TABLE 15.-Composition of Gains of Steers and Heifers Fed Corn 
Silage, Ground Ear Corn, or a Combination of the Two (Average of Two 
Experiments). 
Silage Silage + Corn Corn 
Steers Heifers Steers Heifers Steers Heifers 
Av. empty wt. gain, lb. 322 244 376 256 362 240 
Fat gain, lb. 119 158 178 154 172 116 
Protein gain, lb. 51 21 52 24 50 31 
Composition of gain: 
Fat, % 37.0 64.7 47.6 60.2 47.0 48.4 
Protein, % 15.8 8.5 13.8 9.6 13.7 13.0 
Water and ash, % 47.2 26.8 38.7 30.2 39.2 38.5 
Energy gain, Meal/day 3.313 4.834 5.436 5.700 4.548 4.472 
Protein gain, lb./ day 0.27 0.14 0.32 0.20 0.26 0.24 
Average daily gains ·and feed intake were greatest when a combina-
tion of corn silage and ground ear corn was fed. Feed requirements 
per unit of gain tended to be higher on the all-silage ration. However, 
the amount of beef produced per acre of cropland is generally greater 
with increased proportions of corn silage in the ration. An accurate 
comparison of the merits of corn silage, ear corn, and shelled corn 
TABLE 16.-Net Energy Value of Corn Silage and Ground Ear Corn 
Rations When Fed to Fattening Steers and Heifers (Average of Two Experi-
ments). 
Silage Silage + Corn Corn 
Ste err. Heifers Steers Heifers Steers Heifers 
Av. o-f initial and 
final empty wts., lb. 690 628 716 634 710 628 
Av. metabolic wt., W0•75 kg 74.6 69.4 76.6 70.0 76.2 69.4 
Energy required for 
maintenance, 
Meal/day (Ml* 5.595 5.205 5.745 5.250 5.715 5.205 
Energy gain, Meal/day (P) 3.313 '4.834 5.436 5.700 4.548 4.472 
Total net energy, 
Mca I/ day (M + P) 8.908 10.039 11.181 l 0.950 l 0.263 9.677 
D~y matter intake, lb./ day 14.2 13.7 16.2 15.2 14.3 13.7 
Net energy, 
Mcal/l 00 lb. OM 62.7 73.3 69.0 72.0 71.8 70.6 
Net energy of ration as 
fed, Mcal/l 00 lb. 22.0 25.6 43.6 44.9 58.6 57.9 
Net energy value for heifers 
as percent of steer value 116 103 99 
*Energy requirement for maintenance estimated to be 75W0•70 kg. 
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should include costs of harvesting, storing, and feeding. These costs 
may vary with the size of the total cattle feeding enterprise and the avail-
ability of labor. 
Chemical composition of the gains (Table 15) shows that increases 
in empty body weight of heifers were considerably higher in fat and 
lower in protein than those made by steers. This resulted in a greater 
storage of calories by heifers and, on the average, a higher net energy 
value of rations when fed to heifers (Table 16). There was an inter-
action among rations and sexes in this regard. The net energy value 
of the corn silage ration averaged 16% higher when fed to heifers than 
when fed to steers. This difference was consistent in both experiments, 
being 15% in the first experiment and 17% in the second. There was 
little difference in net energy value of the ear corn ration when fed to 
either steers or heifers. 
The increased intake of ration dry matter per 100 lb. of live weight 
by heifers over steers was consistent with all three rations in both years. 
This greater intake over and above maintenance needs would leave more 
energy for body storage in heifers than in steers. Although the primary 
purpose of finishing cattle is to fatten them, the higher fat content of 
the heifer carcass is not considered desirable. As shown in Table 15, 
steers stored more protein per head daily than heifers. 
DISCUSSION 
Heifers are generally considered to be less efficient in the conver-
sion of feed to beef than are steers. However, in most comparisons they 
have been fed to a higher degree of finish. In the present experiment, 
when the heifers were fed a considerably shorter period of time and to 
final weights 150 lb. lighter than steers, there was very little difference 
in-the amount of dry matter required per unit of gain. Even so, carcass 
data show the heifers to have been fatter than the steers. In view of 
their greater feed intake per unit of weight and higher energy content 
of carcass, heifers appear to be more efficient converters of energy than 
steers. This is of no apparent advantage if heifers must be fed to a 
higher body fat content to have the same quality grade as steers, which 
appeared to be the case in these experiments. 
In view of the differences between steers and heifers in feed intake 
per unit of weight and in ease of fattening, more emphasis should be 
given to differences in rations which might be fed to each. The inter-
action between sex and ration value observed in these studies indicates 
that heifers are especially well adapted to the use of a corn silage ration. 
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VII. General Discussion 
The primary objective of these experiments was to determine if 
_differences exist among sizes, breeds, and sexes of cattle in their energy 
requirements for maintenance, growth, and finishing. Secondly, are 
there interactions among types or sexes and available feed supplies? 
Reproduction was not considered in these studies and milk production 
was involved in only one experiment in which total requirements were 
measured. 
It is not clear from results reported here whether there are differ-
ences among cattle types in maintenance requirements. There ap-
peared to be no real difference between mature Hereford and Charolais 
cows per unit of metabolic weight. However, data from growing wean-
ling heifers suggested a difference between Angus and other breeds. 
In the mature cow experiment, there were significant differences between 
fat and thin cows. In the heifer experiment, differences in condition 
were not as great and unfortunately could not be accurately measured. 
Ayala ( 3) reported an apparent difference between Angus and 
Holstein cattle in maintenance requirements. However, as reviewed 
and discussed by him, maintenance requirements decrease with age, 
and the Angus cattle were approximately 3 months older and consider-
ably fatter than the Holsteins. Either actual age or physiological age 
are related to stage of maturity and ease of fattening. As will be dis-
cussed later, this trait and a number of other differences between sexes 
appear analogous to differences among breeds which vary in size. 
Klosterman, et al. ( 15) found no difference in maintenance require-
ments between growing Hereford bulls and heifers. Therefore, it is the 
opinion of the authors that differences in maintenance requirements 
which may exist among sizes, breeds, and sexes of cattle are relatively 
small and these may be related to physiological age or body composition. 
When feed requirements for growth and finishing of cliff erent types of 
cattle are compared, it is important that they be fed to the same final body 
compos1t10n. Likewise, when maintenance requirements are estimated 
from body weight, it seems important that this be done with some con-
sideration of body composition. 
Rate of gain, over and above maintenance, is clearly an important 
trait in beef cattle. However, in order to have a meaningful relationship 
to maintenance, and hence to total feed efficiency, gain must be related 
to ·weight or metabolic size. This relationship of gain to body weight 
is expressed as relative gain in this bulletin. 
For economic reasons as well as for the quality of product produced, 
it is important that cattle be finished for slaughter at young ages. To 
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accomplish this, it is necessary that all types be fed relatively expensive 
finishing rations for some period of time. Thus, ability to finish is also 
an important trait in beef cattle. 
When finished for slaughter prior to maturity, gains are a combina-
tion of bone, lean, and fat deposition. However, relative rates of deposi-
tion· change with maturity. As rate of fattening increases with age, rate 
of maturing or relative physiological age play an important role in beef 
cattle efficiency. Since live weight gain includes both lean and fat, those 
animals which deposit the maximum combination of the two per unit of 
weight will have the greatest relative gain and be the most efficient. 
Results reported in this bulletin (and elsewhere) show that when 
cattle of different sexes or sizes are fed to similar weights or, for similar 
periods of time, there will be marked differences among them in rate of 
gain, efficiency of gain, and body composition. When fed to similar 
body composition, differences in rate of gain decrease and differences in 
efficiency become relatively small. However, cliff erences in slaughter 
weight and length of feeding period required to attain that composition 
become -large. 
Supplies of finished slaughter cattle vary with supplies of feed grains 
and cattle numbers. However, a desired degree of finish is generally 
pref erred, with both underfinished and overfinished cattle selling at a dis-
count. Much discussion has been given to a most preferred slaughter 
weight. In the market, however, size independent of finish has been of 
much less importance than the desired degree of finish. Under these 
conditio·ns it seems most logical to compare cattle of different types when 
they are fed to a desired market condition. 
Rate of relative gain, feed efficiency, and rate of maturing are closely 
related. That is, those cattle which will produce the most carcass weight 
of the desired grade at the youngest age will be the most efficient utilizers 
of feed. These desirable traits also appear to be closely related to appe-
tite or feed intake. 
In general, larger cattle will eat more feed per head daily and gain 
at a faster absolute rate. However, when appetite is expressed in terms 
of feed intake per unit of body weight, it is more closely related to feed 
efficiency, relative gain, and rate of maturing. Heifers consume more 
feed per unit of weight than steers (Tables 13 and 14) and bulls ( 15) 
and steers more than bulls ( 14) . More early maturing breeds of cattle 
also consume more feed per unit of weight daily than later maturing types 
(Table 10). 
When fed the same ration to a similar body composition, differences 
in feed efficiency among cattle of cliff erent types and sexes are relatively 
small, even though there are large cliff erences in slaughter weight and 
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age. These differences in age appear to be related to differences in feed 
intake per unit of weight, appetite, and this difference becomes of impor-
tance in considering interactions which exist among types of cattle and 
types of feed or feeding systems. 
Data on interactions which may exist among types of cattle of the 
same sex and types of diet are somewhat limited. However, differences 
among bulls, steers, and heifers in rate of gain, feed intake per unit of 
weight, rate of maturing, and carcass weight and composition are very 
similar to differences which exist among different sizes of cattle. If this 
analogy between sex and size may be made and the two are considered 
together, there appear to be definite interactions among types of cattle 
and either types of diet or feeding systems. As reported in Section V, 
Angus steers attained a higher grade on an all-silage ration than Charo-
lais steers. In Section VI, heifers made more efficient use of an all-silage 
ration than steers. In an earlier experiment, significant interactions be-
tween both breed (Hereford and Charolais) and sex (steers and heifers) 
and two systems of management were reported ( 12) . The two systems 
of management were: creep-£ eeding and finishing immediately following 
weaning vs. no creep-£ eeding, wintering, grazing for 60 days, and finish-
ing in dry lot. In combining the two sources of variation, breed and sex, 
it appeared that Charolais steers were best adapted to the early finishing 
system and Hereford heifers to the deferred system of management. It 
is well known that heifers finish more easily than steers and if bulls are 
to be finished at young ages they must be fed high .energy rations. 
It is therefore apparent that, if it is most economical to feed lower 
energy rations, they will be best utilized by early maturing types of cattle 
which consume more feed per unit of weight, and if high grain rations 
are to be fed, later maturing cattle will produce heavier, more desirable 
carcasses. If early maturing cattle are fed high grain rations at young 
ages, they must be slaughtered at light weights or they will become exces-
sively fat. 
As presented in Section III, the desirable traits of relative gain, feed 
intake per unit of weight, and rate of maturity may be combined in the 
single observation of 1/ age at slaughter when carcass composition is con-
stant. The importance of this trait in a selective breeding program needs 
further study to determine the percent of total variation which would 
respond to selection. The variation found in this trait was 7 % , which 
is similar to the 5 % variation in relative gain reported by Taylor ( 22) 
and considerably less than the 15% frequently observed in absolute gain. 
With the rather small variation in 1/ age and relative gain, genetic prog-
ress through selection for either would likely be slower than selection for 
absolute gain. However, since these traits are much more closely related 
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to feed efficiency, such selection should yield more progress in feed effi-1 
ciency than has been realized from selection for absolute rate of gain. 
The results reported here are in agreement with observations made 
by Reid (21). He reported that the variation in efficiency with which 
energy consumed above maintenance is utilized by cattle is about 6 % 
and that individual animals appear to cliff er primarily in amount of feed 
consumed and in the level of feed intake at which they store appreciable 
amounts of fat. 
With the small variations in maintenance requirements and effi-
ciency of energy use above maintenance which exist among types of cattle, 
it appears that progress in feed efficiency of beef cattle will be slow. How-
ever, in view of its importance to the industry, every effort should be made 
to select cattle on those traits which will most likely improve efficiency. 
The greatest immediate improvement in efficiency of the total beef in-
dustry would be realized by matching types of cattle with those rations or 
feeding systems to which they are best adapted. 
VIII. Summary and Conclusions 
A series of experiments was conducted with mature cows, growing 
heifers, and growing and finishing steers and heifers to compare the energy 
requirements of cattle varying in size, breed, and sex and to determine if 
interactions exist among them and levels of energy in the rations fed. 
Fat cows were found to have lower maintenance requirements per 
unit of weight than thin cows. If there are differences in maintenance 
needs among types of cattle, they appear to be small and related to dif-
ferences in condition or in physiological age. 
When cattle of different types are fed for similar periods of time or 
to similar weights, there are large differences among them in rate of gain, 
efficiency of gain, and carcass composition. If fed to similar carcass 
composition, differences in feed efficiency are small but differences in final 
weight and age a{ slaughter are large. 
Since the results reported here indicate only small differences in 
maintenance requirements and in efficiency of energy storage above main-
tenance, it may be concluded that NRC energy requirements are appli-
cable to cattle of different sizes and breeds. 
The -most ~ignificant differences among sizes and sexes of cattle is in 
age at slaughter (condition constant) or in rate of maturing. This clif-
f erence was found to be directly related to appetite, with early maturing 
cattle consuming more feed per unit of body weight daily than later ma-
turing types. 
37 
Differences among sexes of cattle in rate of gain, feed-intake per unit 
of weight, rate of maturing, carcass weight, and composition are very 
similar to differences which exist among different sizes of cattle. Heifers 
consume more feed per unit of body weight daily and mature earlier than 
steers or bulls, and small types eat more per unit of weight and finish 
sooner than larger types. 
If the two sources of variation, sex and size, are considered together, 
there appear to be definite interactions among types of cattle and rations 
or feeding systems. Lower energy rations or deferred systems will be best 
utilized by. early maturing types which consume more feed per unit of 
weight, and if high grain rations are fed at young ages, later maturing 
types will produce heavier, more desirable carcasses. 
Traits which seem of most importance for increasing feed efficiency 
in beef cattle are feed intake or gain per unit of body weight and the 
ability to finish at a desirable carcass weight. Those cattle which will 
produce the most carcass weight of the desired grade at the youngest age 
will be the most efficient. These traits may be combined in a single ob-
servation by expressing weight per day of age as a percentage of final 
weight when body composition is constant. 
References 
1. Agricultural Research Service, U.S.D.A. 197 4. Germ Plasm Evalua-
tion Program, Report No. 1. U. S. Meat Animal Research Center, 
ARS-NC-13. 
2. Agricultural Research Service, U.S.D.A. 1975. Germ Plasm Evalua-
tion Program, Progress Report No. 2. U. S. Meat Animal Research 
Center, ARS-NC-22. 
3. Ayala, H. J. 197 4. Energy and Protein Utilization by Cattle as Re-
lated to Breed, Sex, Level of Intake, and Stage of Growth. Ph.D. 
Thesis, Cornell University. 
4. Byers, F. M., C. F. Parker, and R. L. Preston. 1976. Body Size and 
Plane of Nutrition. Personal communication. 
5. Garrett, W. N. and N. Hinman. 1969. Re-evaluation of the Rela-
tionship Between Carcass Density and Body Composition of Steers. 
J. Anim. Sci., 28: 1. 
6. Garrett, W. N., J. H. Meyer, and G. P. Lofgreen. 1959. The Com-
parative Energy Requirements of Sheep and Cattle for Maintenance 
and Gain. J. Anim. Sci., 18:528. 
7. Hankes, R. N., G. F. Cmarik, A. L. Neumann, and J. R. Romans. 1975. 
Comparison of the Feedlot Performance and Carcass Merit of 
Straight Beef and Beef and Dairy-Beef Crossbred Steers. Beef Cattle 
Day 1975, Dept. Anim. Sci., Univ. of Illinois, p. 38. 
38 
8. Harvey, W. R. 1960. Least-squares Analysis of Data with Unequal 
Subclass Numbers. U.S.D.A., A.R.S 20-8. 
9. Kleiber, M. 1936. Problems Involved in Breeding for Efficiency of 
Food Utilization. Proc., Amer. Soc. Anim. Prod., p. 247. 
l 0. Klosterman, E. W. 1972. Cattle Size for Maximum Efficiency. J. 
Anim. Sci., 34:875. 
11. Klosterman, E. W., V. R. Cahill, and L. E. Kunkle. 1962. Relation-
ships Between Gross Carcass Measurements and Detailed Carcass 
Cut-out Data. Ohio Agri. Exp. Sta., Anim. Sci. Mimeo Series No. 
128, p. 20. 
12. Klosterman, E. W., V. R. Cahill, and C. F. Parker. 1968. A Compari-
son of the Hereford and Charolais Breeds and Their Crosses Under 
Two Systems of Management. Ohio Agri. Res. and Dev. Center, 
Res. Bull. 101 l. 
13. Klosterman, E. W., L. G. Sanford, and C. F. Parker. 1968. Effect of 
Cow Size and Condition and Ration Protein Content Upon Mainten-
ance Requirements of Mature Beef Cows. J. Anim. Sci., 27:242. 
14. Klosterman, E. W., V. R. Cahill, L. E. Kunkle, and A. L. Moxon. 1958! 
Influence of Sex Hormones Upon Feedlot Performance and Carcass 
Quality of Fattening Cattle. Ohio Agri. Exp. Sta., Res. Bull. 802. 
15. Klosterman, E. W., L. J. Johnson, C. F. Parker, and R. R. Johnson. 
1965. Maintenance and Total Energy Requirements of Beef Cattle. 
Abstr., J. Anim. Sci., 24:891. 
16. Kraybill, H. F., H. L. Bitter, and 0. G. Hankins. 1952. Determination 
of Fat and Water Content from Measurement of Body Specific Grav-
ity. J. Applied Physiol., 4:575. 
17. Lofgreen, G. P. 1964. A Comparative Slaughter Technique for De-
termining Net Energy Values with Beef Cattle. Proc., Third Sym-
posium on Energy Metabolism, Troon, Scotland. 
18. National Research Council. 1970. Nutrient Requirement of Domes-
tic Animals, No. 4. Nutrient Requirements of Beef Cattle. Notional 
Research Council, Washington, D. C. 
19. Parker, C. F., E. W. Klosterman, and F. E. Livesay. 1975. Relative 
Gain and Energy Efficiency in Cattle. Abstr., J. Anim. Sci., 41 :413. 
20. Powell, W. E., D. L. Huffman, and W. B. Anthony. 1971. Predicting 
Net Energy Gained in Beef Animal Feeding Trials Using Easily Ob-
tainable Carcass Measurements. Abstr., J. Anim. Sci., 32:390. 
21. Reid, J. T. 1962. Energy Values of Feeds-Past, Present and Fu-
ture. Dedication Ceremony of Frank B. Morrison Hall and Sympo-
sium Papers on Animal Nutrition's Contributions in Modern Animal 
Agriculture, Dept. Anim. Sci., Cornell University. 
22. Taylor, C. S. 1971. The Effect of Body Size on Production Efficiency 
in Cattle. Ann. Genet. Sel. Anim., 3:85. 
39 
The State Is the Campus for 
Agricultural Research and Development 
Ohio's major soil types and cli-
matic conditions . are represented at 
the Research Center's 13 locations. 
Research is conducted by 15 de-
partments on nearly 7,400 acres at 
Center headquarters in Wooster, eight 
branches, Green Springs Crops Re-
search Unit, Pomerene Forest Labora-
tory, North Appalachian Experimen-
tal Watershed, and The ·Ohio State 
University. 
Center Headquarters, Wooster, Wayne 
County: 1953 acres 
Eastern Ohio Resource Development 
Center, Caldwell, Noble County: 
2053 acres 
Green Springs Crops Research Unit, 
Green Springs, Sandusky County: 
26 acres 
Jackson Branch, Jackson, Jackson 
County: 502 acres 
Mahoning County Farm, Canfield: 
275 acres 
Muck Crops Branch, Willard, Huron 
County: 15 acres 
North Appalachian Experimental Wa-
tershed, Coshocton, Coshocton 
County: 1047 acres (Cooperative 
with Agricultural Research Ser-
vice, U. S. Dept. of Agriculture) 
North Central Branch, Vickery, Erie 
County: 335 acres 
Northwestern Branch, Hoytville, Wood 
County: 247 acres 
Pomerene Forest Laboratory, Coshoc-
ton County: 227 acres 
Southern Branch, Ripley, Brown 
County: 275 acres 
Western Branch, South Charleston, 
Clark County: 428 acres 
